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(54) Compressor monitoring system 

(57) A system for monitoring selected parameters of a dual 
cylinder air compressor has sensors (12. 42, 82. 102) for 
monitoring the input and output air temperatures of the low 
pressure and high pressure cylinders and pressure sensors 
(62, 70) for monitoring the air pressure between the cyfinders 
and the output air pressure. The resulting signals from the 
sensors are operated on by various function generators to 
provide signals which are indicative of the efficiency or health 
of the individual cylinders and also of the overall compressor. 
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Title: Compressor Monitoring System 

The present invention relates to a system for monitoring an air 
compressor. 

One of the difficulties associated with the use of air 
compressors is maintaining a checl^ on the efficiency of the 
compressor during normal operation. 

The present invention seeks to provide an improved system for 
monitoring operation of an air compressor. 

Accordingly/ the present invention provides a system for 
monitoring selected parameters of an air compressor having at 
least one cylinder comprising: 

first sensing means for providing a first electrical temperature 
signal representative of the temperature of air drawn in to said 
cylinder; 

second sensing means for providing a second electrical 
temperature signal representative of the temperature of 
pressurised air at an outlet of said cylinder immediately after 
compression by the compressor; 

third sensing means for providing a first electrical pressure 
signal representative of the pressure of air output from said 
cylinder of the centres sor; and 

fourth means for receiving said electrical temperature and 
pressure signals and providing a first output signal as a 
predetermined function of said temperature and pressure signals 
for indicating the efficiency of operation of said cylinder of 
the compressor. 

In a preferred form of the invention the temperature measurements 
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are taken at the input and output of a cylinder of the 
compressor. 

Advantageously, a system according to the present invention also 
has _f if th sensing means for providing an electrical signal 
representative of the pressure of air input to the compressor and 
said output signal of said fourth means is a predetermined 
function of all said electrical signals. 

Where the compressor is a two stage compressor, a further 
preferred form of the invention has sensing means for providing 
an electrical signals representative of the tenperatures at the 
inputs and outputs of both cylinders and the air pressure 
intermediate the two cylinders* 

The present invention is further described hereinafter by way of 
example, with reference to the accompanying drawings, in which; 

Figures 1 to 5 are schematic diagrams of various portions of a 
system according to the present invention for monitoring 
operation of a double cylinder air coo^ressor. 

Referring firstly to Figure 1, this shows five sensing circuits 
10, 40, 60, 80 and 100 for sensing parameters of a two stage air 
compressor and providing output signals proportional to the value 
of the monitored parameters. In a two stage air compressor air 
is drawn into the first cylinder for compression, then passed to 
a second cylinder .for further compression before .being passed 
through an output of the compressor. In Figure 1, circuits 10, 
40, 80 and 100 are identical and therefore only one of these 
circuits, circuit 10 is described in detail. 

Circuit 10 has a temperature sensor 12 which measures the 
temperature immediately adjacent an air input to the first or low 
pressure cylinder of the compressor and the output from the 
sensor 12 is processed by a processing circuit 14 to provide an 
output signal which represents the measured temperatures in 



degrees centigrade. This signal is stored ifi a store 16 and 
applied to one input H of a scaling circuit 18 • The latter has 
further inputs F and G and a scaling reference value which is 
stored in a reference store 20 is applied to the input G. In 
this excunple the reference value is 273.15, whilst each of the 
other inputs E and F has a unitary value input. 

The scaling circuit itself multiplies inputs E and G together and 
adds the resultant to the product of' inputs F and H. The result 
is an output signal at output D which represents the value of the 
monitored temperature in absolute degrees kelvin, this being 
stored in an output store 22* 

Circuit 40 is identical to circuit 10 and monitors the 
temperature immediately at the air output from the first cylinder 
of the compressor. 

Circuits 80 and 100 perform the same functions as circuits 10 and 
40 but whereas circuits 10 and 40 monitor the temperature of low 
pressure input and output air the circuits 80 and 100 monitor the 
temperature of the input and output air of the second or high 
pressure cylinder. 

Referring now to circuit 60 , this has two pressure sensors 62 and 
70. The pressure sensor 62 monitors the intercooler air pressure 
i.e. the pressure between the two cylinders of the double 
cylinder compressor (or the output pressure of a single cylinder 
compressor) whilst . pressure sensor 70 monitors the pressure of 
the air output from the compressor. The sensors measure gauge 
pressure and the signals from these pressure sensors 62 and 70 
are operated on by processing circuits 64 and 72 to provide 
signals which are representative of the monitored pressures, 
these signals being stored in respective stored 66 and 74. 
Additional sealing circuits 61, 73 add one bar to the gauge 
pressure signals to convert these to absolute pressure values, 
the results being stored in stores 67, 75. 
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Ambxent pressure is asstuned to be one bar and therefore the value 
stored in store 66 is equivalent to the ratio of the monitored 
pressure to ambient pressure and is also transferred to a further 
store 76. 

The outputs of the two stores 67 and 75 are applied to respective 
inputs G of a function generator 68 which divides the output 
from store 75 by the output from store 67 and multiplies the 
result by a reference signal applied to a further input F. In 
the described example, the reference signal is unitaiy and 
therefore the output of the function generator 68 is the ratio 
of the discharge pressure to the intercooler pressure and is 
stored in store 78. 

Referring now to Figure 2, the intercooler pressure signal from 
store 76 is applied to one input G of a second function generator 
114 which generates an output signal as a function of the input 
at input G and a reference value applied to a second input E. 
The reference value in the illustrated embodiment is a constant 
Ki for adiabatic compression. The function generator 114 derives 
the logarithmic value of the pressure signal from store 76 and 
multiplies this value by the constant at input E to provide an 
output which is stored in store 116 and applied to one input G 
of a scaling circuit 118. A further signal is applied from store 

121 to input H of the scaling circuit 118 whilst a second 
reference value is applied to two further inputs E and F. This 
reference value is constant K2, the signals at inputs G and H 
each being multiplied by this constant and the resulting products 
being added together and applied to a further store 120. 

The output from store 120 is applied both to one input F of a 
third function generator 122 and also to one input H of a further 
scaling circuit 124. A second input E of the function generator 

122 receives a reference signal which in the illustrated 
embodiment is unitary. The function generator provides an output 
which is the following function of its input: 
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E*10^(0.0275*F-1)+F 

The output of the function generator 122 is passed through a 
store 123 to input G of the scaling circuit 124. The latter also 
has inputs P and E to which reference signals -1 and 1 are 
respectively applied. The effect of the scaling circuit is to 
subtract the signal from store 123 from the signal received from 
the store 120, the different signal being fed to an input F of 
a multiplier circuit 126. The latter also has an input E to 
which a unitary signal is applied and an input G to which the 
temperature signal from store 22 is applied. The multiplier 
circuit 126 multiplies the three inputs together and applies the 
product to an input G of a further scaling circuit 128. This 
signal is subtracted from the signal stored in store 52 which is 
applied to a second input H of the scaling circuit, the 
difference being stored in a store 130. This signal is a measure 
of the efficiency or "health" of the low pressure cylinder of the 
compressor and is compared in a comparator 132 with a reference 
value which is zero. The compsLrator 132 in turn controls a gate 
134 to prevent or allow the signal from store 130 to pass through 
the gate 134 to a further store 136. The comparator 132 and the 
gate 134 allow only positive variations of the signal in store 
130 to pass through the gate to store 136 • 

The positively varying signal store 136 is applied to one input 
F of a comparator 138 to whose other input E is applied an error 
signal representative of the variation allowed in the signal from 
store 136 for a "healthy" cylinder. The error signal is derived 
from a function generator 140 which has a first input G to which 
the temperature value signal in store 52 is applied and a second 
input E to which a constant reference value is applied. In this 
particular case the reference value is 100 and the function 
generator 140 divides the signal at input G by the signal at 
input E. The resulting value is multiplied by a further variable 
reference value 142 which is applied to a third input F of the 
function generator 140. This further value is determined by 
trial and error and varies from compressor to compressor. A 
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typical value would be .015 and the resulting* output signal of 
the function generator 140 is a percentage value of the 
temperature monitored by the sensor 12. 

The comparator 138 compares the signal from the function 
generator 140 with the signal from the store 136, as it varies 
during operation of the compressor and provides an output signal 
to a store 139 which is logic 1 if the value of the signal from 
store 136 is greater than that from' the function generator 40. 

For the dual stage compressor having a low pressure cylinder and 
high pressure cylinder, the circuit of Figure 2 is duplicated for 
the high pressure cylinder with the exceptions described below, 
and as shown in Figure 3. 

In Figure 3, input G of the function generator 114' receives the 
pressure signal from store 78. The high pressure cylinder input 
temperature signal stored in store 92 is applied to input G of 
function generator 126'. The output temperature signal stored 
in store 112 is applied to input H of the scaler 128' and also 
to input G of the function generator 140'. The circuit of Figure 
3 operates in a similar manner to that of Figure 2 and the 
resultant output from comparator 138' is a logic 1 signal if the 
high pressure cylinder of the compressor is not operating 
correctly. 

The ahavB described monitoring system operates effectively whilst 
the compressor is operating on full load. However/ with a dual 
stage compressor it is possible for the compressor to operate at 
partial load during a cycle. If the compressor is operating on 
full load then the intercooler pressure between the two cylinders 
will be greater than 1.2 bar and will be maintained above this 
pressure for a minimum of a predetermined time which in the 
described embodiment is 15 seconds. 

Referring now to Figure 4, the pressure ratio signal stored in 
store 76 is applied to a comparator 150 for comparison with a 
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preset reference value which in this example Is representative 
of a pressure of 1.2 bar. The output of the comparator is a 
logic 1 signal if the signal from store 76 is greater than the 
reference value and is applied to a timer circuit 152 which 
applies an output signal to each of gates 154 and 156 when the 
output of the comparator 150 is at logic 1 for 15 seconds or 
more. The signal from the timer opens each of the gates 154, 156 
to allow the health signals from stores 136, 136' to pass, the 
signal also being applied to input *E of each of two AND gates 
160, 162. The output from comparator 138 is also applied to a 
second input F of AND gate 160 whilst the output from comparator 
138' is applied to a second input F of AND gate 162. 

The output of gate 160 is connected to an alarm 164 for the low 
pressure cylinder whilst the output of gate 162 is connected to 
an alarm 166 for the high pressure cylinder. As a result, when 
the output of comparator 138, 138' indicates a variation in the 
monitored temperature outside nonnal limits and the output of 
timer 152 indicates that the compressor is operating under full 
load then the associated gate 160, 162 triggers the respective 
alarm to indicate that either or both of the stages of the 
compressor require attention. The alarms can be either audio or 
visual or a combination of both. 

The outputs of the two gates 154, 156 are also applied through 
stores 155, 157 to respective inputs G of scaling circuits 170, 
172 (Figure 5). Each scaling circuit provides an output which 
is representative of the input signal as a percentage of a fixed 
reference value applied to a second input E. The outputs of the 
two scaling circuits are then applied to respective inputs of a 
summing circuit 174 which adds the two signals together, the sum 
then being divided by two in a divider circuit 176 to provide an 
output signal which is an indication of the "health" of the 
compressor unit as a whole. The outputs of the two scaling 
circuits 170, 172 are also applied to respective analogue 
circuits 178, 180 which provide output signals as analogue 
signals indicating the "health" of the low and high pressure 
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cylinders. 

The : above described circuit may also be used for compressors 
having only a single cylinder. In such a case only two 
temperature measurements are . taken / these being, the air inlet and 
outlet temperatures of the cylinder. In addition, the final 
discharige air pressure is measured and although not necessary, 
the air inlet pressure may also be measured. Furthermore, the 
circuit of Figure 3 is not required since this is merely a 
duplicate of the circuit of Figure 2 for the second cylinder of 
a dual cylinder compressor. 
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Clairnfi 

1. A system for monitoring selected parameters of an air 
compressor having at least one cylinder comprising: 

first sensing means for providing a first electrical temperature 
signal representative of the temperature of air drawn in to said 
cylinder; 

» 

second sensing means for providing a second electrical 
temperature signal representative of the temperature of 
pressurised air at an outlet of said cylinder immediately after 
compression by the compressor; 

third sensing means for providing a first electrical pressure 
signal representative of the pressure of air output from said 
cylinder of the compressor; cuid 

fourth means for receiving said electrical temperature and 
pressure signals and providing a first output signal as a 
predetermined function of said temperature and pressure signals 
for indicating the efficiency of operation of said cylinder of 
the compressor • 

2. A system as claimed in claim 1 wherein said fourth means 
comprises a first function generating means for generating a 
first function signal as a first predetermined function of said 
temperature and pressure signals and first comparing means for 
comparing said first function signal with a reference signal and 
generating said first output signal in dependence on said 
comparison. 

3. A system as claimed in claim 2 wherein said comparing means 
comprises gate means coupled to an output of said first function 
generator means for receiving said first function signal, and a 
first comparator means operable to compare said first function 
signal with a reference value and open or close said gate means 
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in dependence on said comparison to provide said first output 
signal. 

4. A system as claimed in claim 3 wherein said first comparatoir. 
means is operable to open said gate in response to said first 
function signal exceeding said reference value in a positive 
direction. 

5. A system as claimed in claim 2, 3 or 4 further comprising 
second comparing means for comparing said first output signal 
with a first error signal and generating a second output signal 
in dependencie on said comparison. 

6* A system as claimed in claim 5 wherein said second comparing 
means comprises second function generator means for generating 
said error signal as a second predetermined function of said 
second electrical ten^erature signal and a reference value, and 
second comparator means for comparing said first output signed, 
with said error signal and generating said second output signal 
in dependence on said comparison for indicating the efficiency 
of operation of said cylinder. 

7. A system as claimed in claim 6 wherein said reference value 
is adjustctble. 

8. A system as claimed in any of claims 1 to 7 wherein said air 
compressor is a double cylinder air compressor, said at least one 
cylinder is a first, low pressure cylinder and the second 
cylinder is a high pressure cylinder, further comprising: 

fourth sensing means for providing a third electrical temperature 
signal representative of the temperature of air drawn into said 
second cylinder; 

fifth sensing means for providing a fourth electrical temperature 
signal representative of the temperature of air at an outlet of 
said second cylinder immediately after compression by the 
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compressor; 

sixth sensing means for providing a second electrical pressure 
signal representative of the pressure of air output from said 
second cylinder; and 

fifth means for receiving said third and fourth electrical 
temperature signals and said second electrical pressure signal 
and providing a third output signal* as a predeteimined function 
of said third and fourth temperature signals and said second 
pressure signal for indicating the efficiency of operation of 
said high pressure cylinder; 

and wherein said first output signal indicates the efficiency of 
operation of said first cylinder. 

9. A system as claimed in claim 8 wherein said fifth means 
comprises a third function generating means for generating a 
second function signal as a third predetermined function of said 
third and fourth temperature and second pressure signals and 
third comparing means for comparing said second function signal 
with a reference signal and generating said third output signal 
in dependence on said comparison* 

10. A system as claimed in claim 9 wherein said third comparing 
means comprises a gate means coupled to an output of said third 
function generator means for .receiving said second function 
signal , and a third comparator means operable to jcompeare said 
second function signal with a reference value and open or close 
said gate means in dependence on said comparison to provide said 
third output signal. 

11. A system as claimed in claim 10 wherein said third 
comparator means is operable to open said gate means in response 
to said second function signal exceeding said reference value in 
a positive direction. 
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12 • A system as claimed in claim 9, 10 or 11 further comprising 
fourth comparing meaiis for comparing said third output signal 
with second error signal and generating a fourth output signal 
in dependence on said comparison. 

13. A system as claimed in claim 12 wherein said fourth 
comparing means comprises fourth function generator mecuis for 
generating said second error signal as a fourth predetermined 
function of said fourth electrical temperature signa and a 
reference value, and fourth comparator means for comparing said 
third output signal with said second error signal and generating 
said fourth output signal in dependence on said comparison for 
indicating the efficiency of operation of said second cylinder. 

14. A system as claimed in claim 13 wherein said reference value 
is variable. 

15. A system as claimed in claim 12, 13 or 14 further comprising 
fifth comparing means for comparing said first electrical 
pressure signal with a third reference value and providing a 
fifth output signal in response to said first electrical pressure 
signal exceeding said third reference value for a predetermined 
time period. 

16. A system as claimed in claim 15 wherein said predetermined 
time period is 15 seconds. 

17* A system as claimed in claim 15 or 16 wherein said fifth 
comparing means comprises a fifth comparator means for comparing 
said first electrical pressure signal and said reference value 
and a timer for generating said fifth output signal in response- 
to said first electrical pressure signal exceeding said reference 
signal for said predetermined time period. 

18. A system as claimed in claim 15, 16 or 17 further comprising 
third and fourth gate means for applying said second and fourth 
output signals to respective alarm means for each said cylinder. 
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and wherein each said gate means is operable in response to 
receipt of said fifth output signal to apply said second and 
fourth signals to said alarm means, thereby to generate ah alarm 
signal in response to said second or fourth signal indicating a 
variation in monitored temperature outside normal limits. 

19. A system as claimed in any of claims 15 to 18 further 
comprising respective scaling circuits for receiving said first 
and third output signals and generating fifth and sixth output 
signals as percentages of respective reference values, and means 
for averaging said fifth and sixth signals to provide an overall 
indication of the efficiency of the compressor, and wherein said 
first and third comparing means are coupled to said scaling 
circuits by way of respective gate means opereible in response to 
receipt of said fifth output signal to apply said f irist and third 
output signals to said scaling circuits. 

20. A system for monitoring selected pcorameters of an air 
compressor, substantially as hereinbefore described with 
reference to the accompanying drawings. 
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